The second repeating fast radio burst source, FRB 180814.J0422+73, was detected recently by the CHIME collaboration. We use the ten-year Fermi Large Area Telescope (LAT) archival data to place a flux upper limit in the energy range of 100 MeV−10 GeV at the position of the source, which is ∼ 10 −11 erg cm −2 s −1 for a six-month time bin on average, and 2.35×10 −12 erg cm −2 s −1 for the entire ten-year time span. For the maximum redshift of z = 0.11, the ten-year upper limit of luminosity is 7.32 × 10 43 erg s −1 . We utilize these upper limits to constrain the FRB progenitor and central engine. For the rotation-powered young magnetar model, the upper limits can pose constraints on the allowed parameter space for the initial rotational period and surface magnetic field of the magnetar. We also place significant constraints on the kinetic energy of a relativistic external shock wave, ruling out the possibility that there existed a gamma-ray burst (GRB) beaming towards earth during the past ten years as the progenitor of the repeater. The case of an off-beam GRB is also constrained if the viewing angle is not much greater than the jet opening angle. All these constraints are more stringent if FRB 180814.J0422+73 is at a closer distance.
INTRODUCTION
Fast radio bursts (FRBs) are GHz-band radio transient sources with typical durations of milliseconds (Lorimer et al. 2007 ; Keane et al. 2012 ; Thornton et al. 2013; Spitler et al. 2014; Masui et al. 2015; Ravi et al. 2015; Champion et al. 2016; Ravi et al. 2016; Petroff et al. 2016) . So far there are 79 reported FRBs 1 detected by various radio telescopes , among which two are repeating sources.
It is possible that all FRBs repeat, but repeating FRBs may form a sub-class of FRBs that have a distinct origin from the one-time FRB events (Palaniswamy et al. 2018; Caleb et al. 2019) . For a long time period, FRB 121102 Scholz et al. 2016; Chatterjee et al. 2017; Marcote et al. 2017; Gajjar et al. 2018; Zhang et al. 2018) has been the sole repeating FRB source. The second repeating event, FRB 180814.J0422+73, was recently discovered by the CHIMI/FRB team (The CHIME/FRB Collaboration et al. 2019) , suggesting that there could be many repeaters. The dispersion measure (DM) of FRB 180814.J0422+73 is about 189 pc cm −3 , including the contribution from the disk and halo of the Milky Way, 107-130 pc cm −3 . By assuming that all the excess DM comes from the intergalactic medium, the inferred upper limit of redshift is z ≤ 0.11, corresponding to a luminosity distance of D ≤ 509.7 Mpc. The best estimate of its J2000 position is R.A. 04
h 22 m 22 s , Dec. +73
• 4 ′ (The CHIME/FRB Collaboration et al. 2019 ). The physical origin of FRBs is unknown. One particular model invokes a young magnetar as the source (e.g.
1 http://frbcat.org/ Murase et al. 2016; Lyutikov et al. 2016; Metzger et al. 2017; Kashiyama & Murase 2017 ). The host galaxy of FRB 121102 is similar to that of a long duration GRB or a super-luminous supernova (SLSN) (Marcote et al. 2017; Tendulkar et al. 2017) . This led to the suggestion that a long GRB or a SLSN may be the progenitor of the young magnetar that powers the repeating FRBs (Metzger et al. 2017; Nicholl et al. 2017; Margalit et al. 2018 ). Within such a picture, there could be a GRB or SLSN that proceed the repeating FRBs within the time scale of years 2 . In our previous work (Zhang & Zhang 2017) , we processed the Fermi Large Area Telescope (LAT) data and presented a flux and luminosity upper limit on the gamma-ray emission from FRB 121102. The nondetection places some constraints on the allowed parameters of the underlying putative magnetar. At the redshift 0.19 of FRB 121102 (Tendulkar et al. 2017) , the constraints on the magnetar parameter space were not tight. In this paper, we perform a similar analysis to the second repeater FRB 180814.J0422+73 (Sect 2). Since it is at a closer distance (redshift upper limit 0.11), the constraints on the magnetar parameter are tighter (Sect.3.1). Furthermore, we can also use the non-detection results to place a strong constraint on the existence of a long GRB during the past ten years as the FRB progenitor (Sect.3.2). Our results are summarized in Sect. 4.
FERMI -LAT OBSERVATIONS IN THE DIRECTION OF FRB 180814.J0422+73
Thanks to its wide energy range, large FOV, and continuous temporal coverage, Fermi-LAT has monitored the direction FRB 180814.J0422+73 for ten years and is an ideal instrument to search for a possible γ-ray counterpart of the source. We select the energy range of 100 MeV−10 GeV and a ten-year time span from 2009 January 1 to 2018 December 29, to extract and process the LAT data. The standard Fermi Science Tools (v11r5p3) are employed to process the Pass 9 data. We divide the time range into 20 six-month bins, in which no significant (TS < 25) source is detected. Therefore, we utilize the "integral" method to calculate the upper limit of the photon flux at the 95% confidence level (Feldman & Cousins 1998; Roe & Woodroofe 1999) . A power-law spectrum model with the average photon index ∼ −2 is assumed. The upper limits of energy flux for all the time bins can be derived, and the isotropic luminosity upper limits can be calculated by assuming the maximum redshift of 0.11. The ten-year upper limit is extrapolated from the average value of the total 20 half-year upper limits using the relation L lim (t) ∝ t −1/2 . These upper limits are shown in Table 1 and plotted in Figure 1 .
IMPLICATIONS OF THE UPPER LIMITS
One can use the flux and luminosity upper limits derived above to constrain the parameters of FRB physical models. We consider two different constraints, namely, the magnetar spindown model and the GRB external shock model.
3.1. Rotation-powered new-born magnetar First, we consider the possibility that the central engine of FRB 180814.J0422+73 is a young magnetar, whose spindown luminosity may be partially converted in the LAT energy band. The spin-down luminosity of a magnetar is (Shapiro & Teukolsky 1983) 
where the characteristic spin-down luminosity L sd,0 and the timescale T sd can be expressed as (Zhang & Zhang 2017 )
T sd = 0.65 yr
Here, B p , P 0 , R and I are the surface magnetic field strength, the initial rotation period, the radius, and the moment of inertia of the magnetar. As a convention, we employ Q = 10 n Q n in cgs units. The corresponding γ-ray luminosity can be written as
where
is the efficiency parameter, with f b being the beaming factor and η γ < 1 being ratio between the radiated γ-ray luminosity and the spin-down luminosity of the magnetar. From observational constraints, we require
, and L lim = 7.32 × 10 43 erg s −1 is the observed 10-year upper limit of luminosity, which is presented in Table 1 . By substituting Equation (4) into Equation (5), the allowed parameter space of the initial rotation period P 0 and the surface magnetic field strength B p of the magnetar can be calculated.
Next comes the discussion about the age, T , of the magnetar. If a magnetar is generated by the death of a massive star, it should be initially surrounded by thick supernova ejecta. The transparency time T trans corresponds to the epoch when gamma-ray radiation becomes transparent to the ejecta. On the other hand, if a magnetar is generated by the merger of two neutron stars (Dai et al. 2006; Fan & Xu 2006; Metzger et al. 2008; Zhang 2013 ), it would not necessarily have a heavy shell, and the transparency time could be short, e.g., T trans ∼ 10 3 s (Sun et al. 2017) . Generally speaking, the transparency time depends on the mass and the opacity of the ejecta, which lasts from minutes to years. If the magnetar was born before January 1, 2009, and the gamma rays had been already transparent when the observations started, the age T can be greater than ten years. If the magnetar was born after January 1, 2009, we can set T = T trans , which gives the tightest constraint. Because the upper limits vary slightly in different halfyear time bins, we use the average upper limit for simplicity.
We consider different ages of the magnetar, i.e., T = 10 4 s, 0.1 yr, 1yr, and 10 yr, to perform the constraints. For each T , three efficiency values, η = 0.01, 0.1, and 1, are used. The corresponding constraints on the magnetar parameters are shown in the top panel of Figure  2 . The allowed parameter space is the region above each corresponding curve for a given value of T and η. It is obvious that the allowed range is tighter for a higher efficiency or a shorter age. The initial rotation period of a magnetar should satisfy P 0 0.6 ms (e.g. Vink & Kuiper 2006) , which is marked as a horizontal line in Figure 2 . For high efficiencies, e.g., η = 1, the magnetar parameter space is constrained if the age is shorter than one year. The source has to spin relatively slowly if it is a magnetar. For lower efficiencies (e.g.. η = 0.01), there is essentially no constraint. Since z ∼ 0.11 is only the upper limit of the redshift for FRB 180814.J0422+73, we additionally check how the magnetar parameters are constrained if FRB 180814.J0422+73 is closer by. By assuming two redshift values, z = 0.05 and 0.01, we plot such constraints in the middle and bottom panel of Figure 2. As expected, the smaller the redshift, the tighter the allowed parameter ranges. In other words, a longer initial rotation period and/or a smaller surface magnetic field are required if the source is nearby.
GRB blastwave
In view of the possibility of a long GRB as the progenitor of the FRB source (e.g. Metzger et al. 2017) , we apply the upper limits to constrain the existence of such a GRB in the direction of FRB 180814.J0422+73 during the past ten years. A similar constraint was made by Xi et al. (2017) for a possible association between FRB 131104 and a putative GRB (DeLaunay et al. 2016) .
If there was a long GRB beaming towards earth during the time span of the LAT observation, high-energy synchrotron radiation can be generated by the accelerated electrons from the external forward shock. We calculate the brightness of GeV afterglow within the framework of the standard GRB afterglow model (Gao et al. 2013 and references therein) and use the upper limits to constrain the model parameters, especially the isotropic energy of the blastwave.
We consider a blastwave with total isotropic energy E iso , initial Lorentz factor Γ 0 , initial thickness ∆ 0 and jet opening angle θ j running into a circumburst medium (CBM). The thermal energy in the shock is deposited proportionally into electrons and magnetic fields in fraction of ε e and ε B , respectively. The CBM has a density profile n (R) = AR −k , 0 < k ≤ 4 (Blandford & McKee 1976) , where R is the distance from the central engine. We consider two commonly used density profiles, i.e. a constant density interstellar medium (ISM) (k = 0 and A = n 0 ) and a free stratified wind (k = 2). For the wind model, one has The blastwave enters the Blandford-McKee self-similar deceleration phase (Blandford & McKee 1976) after the reverse shock crosses the jet. For z ≪ 1, the deceleration time is (Zhang 2018) 
wind.
For an on-axis GRB, the GRB afterglow lightcurve peaks at the reverse shock crossing time t × = max (t dec , T ), where T = ∆ 0 /c is the duration of the burst. In the following calculations, we adopt Γ 0 = 100, ∆ 0 = 10 12 cm and θ j = 0.1.
The ISM model
First, we discuss the on-axis GRB in the ISM model. If the jet beams towards Earth, the flux peaks at the crossing time. If E 52 > 5.8 × 10 −3 n 0 , it corresponds to the thin shell regime. So the reverse shock is Newtonian (NRS), and it crosses the jet at the deceleration time. If E 52 ≤ 5.8 × 10 −3 n 0 , it corresponds to the thick shell regime with a relativistic reverse shock (RRS), and the crossing time is equal to T (Sari & Piran 1995) .
At the crossing time, the corresponding frequency of the minimum electron Lorentz factor is ν m ≃ 3.8 × 10 14 Hz ε 
The cooling frequency is ν c ≃ 9.5 × 10 17 Hz E 
The peak flux density at a luminosity distance of D from the source is 
which does not depend on t (and hence, has no difference between the thin and thick shell cases). The γ-ray band usually satisfies ν >max(ν m , ν c ). The flux density at frequency ν can be calculated as
where p is the power-law index of the electron density distribution. The integrated flux in the LAT-band is
The peak flux should satisfy
We can then constrain the isotropic energy by
, RRS. (14) We plot this limit in Figure 3 (a) with the parameter values of ε e = 0.1, ε B = 0.01, p = 2.3, n 0 = 1 cm −3 and 0.1 cm −3 , respectively. As can be seen from the Figure, the density of ISM has no effect on the limiting result below the luminosity distance upper limit. The isotropic energy is constrained as E iso 10 48 erg for the luminosity distance below D ∼ 500 Mpc.
The wind model
The same exercise can be applied to the wind model. If the jet beams towards Earth, the flux peaks at the crossing time. The case for E 52 > 37A −1 * ,−1 corresponds to a Newtonian reverse shock, and t X = t dec . Otherwise, the crossing time is T , a relativistic reverse shock is expected. At t × , the minimum injection frequency is 
The peak flux density is The integrated γ-ray flux in LAT-band is
By substituting Equation (18) into Equation (13), the limit of isotropic energy can be obtained for p > 2
Since for the typical parameters one has t dec ≪ ∆ 0 /c for the wind model, the NRS case is not relevant. The limit constrained by Equation (19b) is plotted in Figure 3 (a) with the same parameters as the previous model except for A ⋆ = 0.1.
3.3.
Orphan afterglow A magnetar central engine of repeating FRBs can be in principle produced by a GRB not beaming towards earth. If this is the case, then there could be an "orphan" afterglow associated with the unseen GRB (Granot et al. 2002) . Our upper limit can also pose some constraints on the parameters if the viewing angle is not too much larger than the jet opening angle.
In general, the bulk Lorentz factor of the blastwave in the self-similar deceleration phase is given by (Gao et al. 2013 )
where m p is the mass of proton and c is the speed of light. The flux of high-energy synchrotron radiation generated at jet-break time t j is (Kumar & Barniol Duran 2009) 
, which corresponds to the epoch when Γ is decelerated to 1/θ j . Assuming that the sideways expansion effect is negligible, one can calculate the fluxes when Γ is decelerated to 1/(2θ j ), 1/(3θ j ), and 1/(5θ j ), which roughly corresponds to the peak flux of an observer with viewing angle at θ v = 2θ j , 3θ j , and 5θ j , respectively. The flux reduction factor Γ 2 θ 2 j due to the edge effect is considered. It means that F γ (t > t j ) ∝ t −(3p+1)/4 (t −3p/4 ) for the ISM (wind) model. Substituting the corresponding fluxes into Equation (13), one can derive the upper limits of the isotropic energy for different viewing angles. We plot the constraints on E iso for the orphan afterglow scenario in Figure 3(b) with the same parameter values in Figure 3(a) , for both the ISM model with n 0 = 1 cm −3 and 0.1 cm −3 and the wind model with A ⋆ = 0.1. The viewing angel θ v = θ j , 2θ j , 3θ j and 5θ j are calculated. We can see that a smaller θ v gives a tighter constraint. The ISM model gives the upper limits, but the wind model gives the lower limits. Within the ISM model, a greater density gives a tighter constraint on E iso .
SUMMARY AND DISCUSSIONS
We have derived the flux and luminosity upper limits in the 100 MeV−10 GeV energy range on the FRB 180814.J0422+73 source using the ten-year Fermi/LAT data from 2009 January 1 to 2018 December 29. The average flux upper limit of the 20 six-month time bins is ∼ 1 × 10 −11 erg cm −2 s −1 . Consider the maximum redshift is z = 0.11, then the upper limit of the luminosity is 3.27 × 10 44 erg s −1 . The ten-year upper limits of flux and luminosity are 2.35 × 10 −12 erg cm −2 s −1 and 7.32 × 10 43 erg s −1 , respectively. These upper limits can be used to constrain the model parameters of some FRB progenitor models. For a young magnetar central engine, if the efficiency parameter η is large (which means that the beaming effect is extremely strong), the magnetar parameters can be constrained, in particular, the magnetar cannot spin too fast. If η is small or if the transparency time for a new-born magnetar is too long, then there is virtually no constraint. One can also constrain the existence of a GRB in the direction of FRB 180814.J0422+73 during the ten-year span of LAT observations. An on-beam typical long GRB is ruled out by the upper limits regardless of whether the circumburst medium is an ISM or a wind. Even the orphan afterglow case can be ruled out if the viewing angle θ v ∼ θ j .
These conservative constraints are derived by assuming a maximum redshift 0.11 for FRB 180814.J0422+73. The true redshift could be smaller. If the host galaxy of FRB 180814.J0422+73 is determined in the future and it turns out that it is much smaller than 0.11, much tighter constraints can be obtained. 
